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Abstract 

\Je discuss the precise momentum-dependence of Ke3 form factor f+(t) by 

studying some of recent experimental results on KLo + T? e7 w decays. The 
parametrization of f+(t) based on the assumption of K*-dominance can considerably 

improve the agreementof Sirlin's relation with existing data. 
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1. introduction 

The exoerinental study cf semileptonic decays of kaons is quite interesting 

in that the momentum dependence of the weak form factor for the decay K + rev can 

be directl:: studied in a time-like region. Most experimental results indicate 
that, for K?o + -Tt e? ‘J, f+(t) is approximately a linearly-rising function of 

t = -(qe t oi)2, where qe and q, are momenta of e-f and v(C) respectively.' 

This fact has been believed to su-p$%t the K*-dominance of f+(t) if the 

. conventional linear-expansion oarameter if is nearly equal to 0.030. However, 
the existing experimental results are not precise enough to tell us whether the 

actual form factor has the same curvature or derivative at every t-value as 

some theoretical predictions. T' nis causes a serious problem when one tries to 

test the Siriin's relation2 cri 5orm factors of pseudoscalar mesons. 

The puroose of this oaper :s to estimate a precise behavior of f+(t), in 

particular its derivative with respect to t near t = 0, based on existing data 

and theoreticai models. Ye will find that the Sirlin's relation is much better 

satisfied than originally considered, if one assumes the K*-dominance of the 

form factor f+(t). 

II. Analysis of Data 

The parametrizations which are frequently used are the linear fit: 

qt) = f+(o) (1 f ;.tt/m,2) , 

and the pole-type fit: 

f+(t) = f,(O) (Y - t/m,')-' . 

(‘1 

Theoretically it is quite natural to assume the t-dependence in the form of (2) 

with mv = mK* , because K- system has only K*(JP = l-) as a well-established 

resonance. Some of recent exoeriments3,4 definitely show that m, is a little 

smaller than mK* = 0.832 GeV . However, this deviation of m,, from mK* is 

rather small and there is little doubt in that the picture of K*-dominance is 

right. It is tempting, therefore, to consider an alternative parametrization 
following recent remarks by Sehgal:s 
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f+(t) = f+(O) l.$K*2 w(,$2) , (3) 

where 1 = rnT + mK and CL is a real parameter to be determined experimentally. 

The validity of this choice remains to be tested by high-statistics experiments.5 

Here we assume that it is a good approximation for rn: < t 5 A2 (A = mK - m,), 
which is relevant for the semileptonic decay. Eq.(3) is then our statement of 

generalized K*-dominance of f+(t). Although parameters X, and m, have been 

obtained from experiments, corresponding values of af.+(t)/at at t = 0 can be 

significantly different from each other depending on the choice of parametrization, 

Determination of the Parameter cx 

From the published data of Buchanan et al4 , we obtain with 95% confidence level 

that 

A+ = 0.043 ix 0.0008 (x*/d.f. = 8.0/l') 

“V = 0.75 + 0.05 GeV WV") ) 

cz = 0.50 t 0.24 (GeV/c)-2 WW1) . 

(4) 

It is difficult to say, from this data only, which parametrization is 

really favored. Several recent experiments report a considerably smaller value 

of X, and therefore a larger mv. In the follwing we describe a simple way to 

estimate the value of c( when only X, or mv is known, which is often the case. 

Numbers in (4) are then used to check this method. One should keep in mind 

that the validity of the parametrization (3) is not tested in this way because 

x2/d.f. cannot be obtained. Let us suppose that Eq.(3) correctly describes the 

Ke3 form factor ft(t). Then the corresponding value of Xt for the linear fit 

is found by solving: 

-. . . :- - 
A2 

Ye\.. 
13/2 

me2 
dt [ ~(t,mK2,mT2)J 1 

1 -t/mKk2 exp[ $jT) (5) 

1 
2 

-f+(O) (l+A+t/m,2) = min. 
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with ft(0) and A. considered as free parameters. In (5), h(a,b,c) = a2 f b2 + 

c2 - 2ab - 2bc -+ 2ca and A312 expresses a phase space density.7 The relation 

between cc and A+ is shown in Figure 1. In the same way one can also find the 

relation between a and mv, rJhich is also found in Figure 1. The values of CL 
estimated from h + and m, given in (4) through Figure 1 are 0.51 'i.$E (GeV/c)-2 

and 0.49 ~~*$~ (GeV/c)-' respectively. They are in a good agreement with CI of 

(4), which ias directly obtained fe-data by X2-fit. In applying this method, 
-_'- :. _ 

:I+ or mv used as inputs must be those which are extracted by fitting the data 

with an entire t-range, i.e., me2 2 t 5: A' . Our estimation of the 
parameter 1 from several recent experiments 3,8,9 on ~~0 .+ Tf ei w is summarized 

in Table I. From this we estimate CL = 0.1 to 0.2 (GeV/c)-2. Future experimenters 

are highly encouraged to analv7 -,e their data directly by using Eq.(3) too. 

III Sirlin's Relation 

Sirlin derived a remarkabie !-elation' between weak and electromagnetic 

form factors of pseudoscalar mesons which means for a speciai case: 

6 af+(t) ’ 
at t=o 

= l/Z[<r_$ + <r ,$I + <rK$ + 0(X3’) , (6) 

where the last term on the right hand side is a second order correction in 

V-spin symmetry-breaking interactions. The right hand side of (6) becomes 

0.306 5 0.044 fm2 if available data of electromagnetic charge radii10 of n+, 

K+ , and Kois insertedforcr 2, 2 
+/ ' <rK+> and <r l(Z). respectively, neglecting 0(X3*). 

The left hand side depends not only on particular experimental data but also 

on the way of parametrization. This latter situation occurs only because of 

insufficient accuracy of existing data as was noticed before. By using high 

statistics data of ref. 3, and estimating the most probable value of CI from 

Figure 1, the left hand side is equal to 

a) 6X+/m,2 = 0.372 t 0.030 fm2 (At = 0.0312 + 0.0025) , 

b) 6/mv2 = 0.331 + 0.029 fm2 (mv = 0.840 t 0.035 GeV) 3 (7) 

C) 6(mK* -2 + a) = 0.324 i 0.024 fm2 (CL = 0.13 + 0.10 GeV-') , 

respectively, depending on parametrizations (1), (Z), and (3). Therefore, if we 

assume the K*-dominance in the form of (3), then Eq.(G) is well satisfied by CI, 
- 
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which was indirectly estimated from data. The value 6X,/mT2 is presumably an 

overestimation of the-left hand side of (6). This point has been also noticed 

previously by other authors.6 So, along with the precise data on charge radii 

of pseudoscalar mesons, the direct measurement of curvature of f+(t) for 

me2 5 t 5 hK - mTj2 is highly desirable to test Eq.(6). The positive c1 means 

that the total decay rate for KLo + ?T * ei v is enhanced as compared with the 

simple K*-pole form factor (a = 0). This enhancement of decay rate is estimated n 
to be at most a few percent (2% for c1 = 0.2 GeVmL) for KLo + ns eT v. H 

it can have an important consequence if one assumes essentially the same 

factor for the decay D -+ Kew of charmed mesons. In this case, the decay 

is increased by 35% for c( = 0.2 GeV 
-2 

as compared w ith the simple F*-dom 

form factor." It is due to a large phase-space available for the decay 

D mesons. Therefore the precise measurement of the form factor f+(t) for 

semileptonic decays of kaons and D mesons will continue to be an important 

subject on theoretical grounds. 
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